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$N$ , $E$ $G=(N, E)$ $v\in N$
$C\subseteq N$ $v$ $C$
$\delta_{G}(v, C)=\{(v, w)\in E|w\in C\}$
Flake-Lawrence-Giles[4]
1 ([4]) $G=(N, E)$ $C(\subset N)$ $v(\in C)$
$|\delta(v, C)|\geq|\delta(v, N\backslash C)|$ $C$ adi-
$G$ $s$ $t$ $(X, N\backslash X)$ $s\in X,$ $t\in N\backslash X$
$(X, N\backslash X)$ $s-t$ s-t $(X, N\backslash X)$ $X$ $N\backslash X$
$|\{(u, v)\in E|u\in X, v\in N\backslash X\}|$ s-t $s-t$ $G$
$c:Earrow \mathbb{R}$ s-t $(X, N\backslash X)$ $X$ $N\backslash X$
$c(X, N\backslash X)$ ,
$c(X, N \backslash X)=\sum\{c(u, v)|u\in X, v\in N\backslash X\}$




1 $-$ $s$ $t\ovalbox{\tt\small REJECT}$ s-t $(X, N\backslash X)$
$|\delta_{G}(s, X)|\geq|\delta_{G}(s, N\backslash X)|$ (1)
$X$ adj-
$G$ adj-
( 1) $s$ $t$
( 2) s-t $(X, N\backslash X)$
( 3) $X$ (1) $X$ adj- $X$







$N$ $\mathcal{P}^{*}(N)=\{X\subseteq N||X|\geq 2\}$ 2 $N$
$-$ $N$ $\mathcal{H}\subseteq \mathcal{P}^{*}(N)$ $\Gamma=(N, \mathcal{H})$
$\mathcal{H}$ 2
( ) $G$ adi-
$\Gamma=(N, \mathcal{H})$
$G$ $v\in N$ $C\subseteq N$ $\delta_{G}(v, C)$
$|\delta_{G}(v, C)|$ $\Gamma$ $v\in N$ $v$
$\delta(v)=\{h\in \mathcal{H}|v\in h\}$
$v\in N$ $C\subseteq N$
$\delta_{\Gamma}(v, C)=\{h\in\delta(v)|h\subseteq C\cup\{v\}\}$
$|\delta_{\Gamma}(v, C)|$ $\Gamma$
2 $\delta_{G}(v, C)=\delta_{\Gamma}(v, C)$
adj-
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2 $\Gamma=(N, \mathcal{H})$ $C(\subset N)$ $v\in C$
$|\delta_{\Gamma}(v, C)|\geq|\delta_{\Gamma}(v, N\backslash C)|$ (2)
$C$ $h-$ (hyperedge-based-community)
h- $(\tilde{D}_{\Gamma},\tilde{c})$ $h\in \mathcal{H}$
2 $h^{+},$ $h^{-}$ $\mathcal{H}^{+}=\{h^{+}|h\in \mathcal{H}\},$ $\mathcal{H}^{-}=\{h^{-}|h\in \mathcal{H}\}$
$\tilde{D}r$ $\tilde{N}=N\cup \mathcal{H}^{+}\cup \mathcal{H}^{-}$ $\tilde{A}=\{(v, h^{+}), (h^{-}, v)|v\in N, h\in\delta(v)\}$
$\tilde{A}^{\pm}=\{(h^{+}, h^{-})(h^{-}, h^{+})|h\in \mathcal{H}\}$
$c:\tilde{A}\cup\tilde{A}^{\pm}arrow \mathbb{R}$
$\tilde{c}(a)=\{\begin{array}{ll}\infty (a\in\tilde{A}),1 (a\in\tilde{A}^{\pm}).\end{array}$
2 $(\tilde{D}_{\Gamma},\tilde{c})$ $-$ $s,$ $t\in N$ s-t $(Y,\tilde{N}\backslash Y)$
$C=Y\cap N$ $|\delta_{\Gamma}(s, C)|\geq|\delta_{\Gamma}(s, N\backslash C)|$ $C$ h-
s-t $\tilde{c}(N\cup \mathcal{H}^{+}, \mathcal{H}^{-})=|\mathcal{H}|$
s-t
$\hat{v}\in C$ $\hat{v}$ $h(\in\delta(\hat{v}))$ $h^{+}\not\in Y$
$\tilde{c}(Y,\tilde{N}\backslash Y)\geq\tilde{c}(v, h^{+})=\infty$ s-t $\{h^{+}|h\in\delta(\hat{v})\}\subseteq Y$
$\{h^{+}|h\in\delta_{\Gamma}(\hat{v}, C)\}$ $\{h^{+}|\delta_{\Gamma}(\hat{v}, N\backslash C)\}$ $Y$ $h^{-}\in Y$
$h$ $v$ $C$ $\{h^{-}|h\in\delta_{\Gamma}(\hat{v}, N\backslash C)\}\subseteq\tilde{N}\backslash Y$
$h\in\delta_{\Gamma}(\hat{v}, C)$ $h^{-}\not\in Y$ $\tilde{c}(Y,\tilde{N}\backslash Y)=\tilde{c}(Y\backslash \{h^{-}\},\tilde{N}\backslash (Y\backslash \{h^{-}\}))+1$
$\tilde{c}(Y,\tilde{N}\backslash Y)$ s-t $\{h^{-}|h\in\delta_{\Gamma}(\hat{v}, C)\}\subseteq Y$
$|\delta_{\Gamma}(v, C)|<|\delta_{\Gamma}(v, N\backslash C)|$ $v\in C\backslash \{s\}$ $Y’=$
$Y\backslash (\{v\}\cup\{h^{-}|h\in\delta_{\Gamma}(v, C)\}\cup\{h^{+}|h\in\delta_{\Gamma}(v, N\backslash C)\})$ $(Y’,\tilde{N}\backslash Y’)$ s-t
$\tilde{c}(Y’,\tilde{N}\backslash Y’)=\tilde{c}(Y,\tilde{N}\backslash Y)+|\delta_{\Gamma}(v, C)|-|\delta_{\Gamma}(v, N\backslash C)|<\tilde{c}(Y,\tilde{N}\backslash Y)$
$(Y,\tilde{N}\backslash Y)$ s-t $v\in C\backslash \{s\}$
(2) $s$ (2) h-
$(\tilde{D}_{\Gamma},\tilde{c})$ adj-








$\mathcal{H}(C)^{>}=\{h\in \mathcal{H}||h\cap C|>|h\backslash C|\}$
$\mathcal{H}(C)^{\leq}=\{h\in \mathcal{H}||h\cap C|\leq|h\backslash C|\}$
3 $\Gamma=(N, \mathcal{H})$ $-$ $C(\subset N)$ $v\in C$
$|\delta(v)\cap \mathcal{H}(C)^{>}|\geq|\delta(v)\cap \mathcal{H}(C)^{\leq}|$ (3)
$C$ $C-$ (classified-hyperedges community)
2 $\Gamma$ $G$ $v\in C$
$\delta_{G}(v, C)=\delta(v)\cap \mathcal{H}(C)^{>},$ $\delta_{G}(v, N\backslash C)=\delta(v)\cap \mathcal{H}(C)^{\leq}$ c-
adi-
c- 2 $\tilde{G}_{\Gamma}=(N\cup \mathcal{H},\tilde{E})$ $\tilde{E}=\{(v, h)|h\in$
$\delta(v),$ $v\in N\}$
3 2 $\tilde{G}_{\Gamma}$ $-$ $s,$ $t\in N$ s-t $(Y, (N\cup \mathcal{H})\backslash Y)$
$C=Y\cap N$ $|\delta(s)\cap \mathcal{H}(C)^{>}|\geq|\delta(s)\cap \mathcal{H}(C)^{\leq}|$ $C$ C-
s-t $(X, (N\cup \mathcal{H})\backslash X)$ $X$ $(N\cup \mathcal{H})\backslash X$ $\triangle(X, (N\cup \mathcal{H})\backslash X)$
$\mathcal{H}(C)^{=}=\{h\in \mathcal{H}||h\cap C|=|h\backslash C|\}$ s-t $(Y, (N\cup \mathcal{H})\backslash Y)$
$\triangle(Y, (N\cup \mathcal{H})\backslash Y)$ $\mathcal{H}\cap Y$ $\mathcal{H}(C)^{>}$ $\mathcal{H}(C)^{=}$
$\mathcal{H}\backslash Y$ $\mathcal{H}(C)^{\leq}$
$|\delta(v)\cap \mathcal{H}(C)^{>}|<|\delta(v)\cap \mathcal{H}(C)^{\leq}|$ $v\in C\backslash \{s\}$
$Y’=Y\backslash (\{v\}\cup(\delta(v)\cap \mathcal{H}(C)^{=}))$ $(Y’, (N\cup \mathcal{H})\backslash Y’)$ s-t
$\triangle(Y’, (N\cup \mathcal{H})\backslash Y’)$
$=\triangle(Y, (N\cup \mathcal{H})\backslash Y)+|\delta(v)\cap \mathcal{H}(C)^{>}|-|\delta(v)\backslash Y|-|\delta(v)\cap \mathcal{H}(C)^{=}\cap Y|$
$=\triangle(Y, (N\cup \mathcal{H})\backslash Y)+|\delta(v)\cap \mathcal{H}(C)^{>}|-|\delta(v)\cap \mathcal{H}(C)^{\leq}|<\triangle(Y, (N\cup \mathcal{H})\backslash Y)$
$\triangle(Y, (N\cup \mathcal{H})\backslash Y)$ $v\in C\backslash \{s\}$
(3) $s$ (3) c- $\square$
$\tilde{G}_{\Gamma}$ s-t C-
adj- adj- $|\delta_{G}(v, C)|$
$v$ $C$ $v$ $C$
adi-
$-$ $v,$ $w$ $h(\in \mathcal{H})$ $v$ $w$ $-$
$C(\subset N)$ $v$ $h\in\delta(v)$
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$\{w\in C\backslash \{v\}|w\in h\}$ $\hat{d}_{h}(v, C)$ $\bigcup_{h\in\delta(v)}\hat{d}_{h}(v, C)$ $\hat{d}(v, C)$
$v$ $C$ $w$ $v$ $w$
$k$ $\hat{d}(v, C)$
$w$ $k$
4 $\Gamma=(N, \mathcal{H})$ $C(\subset N)$ $v\in C$
$|\hat{d}(v, C)|\geq|\hat{d}(v, N\backslash C)|$
$C$ $n-$ (node-based-community)




$C(\subset N)$ $v\in C$ $d(v, C)= \bigcup_{h\in\delta_{\Gamma}(v,C)}\hat{d}_{h}(v, C)$
$v$ $N\backslash C$ $\delta(v)\backslash \delta_{\Gamma}(v, C)$
5 $\Gamma=(N, \mathcal{H})$ $C(\subset N)$ $v\in C$
$|d(v, C)|\geq|\{h\in\delta(v)|h\not\subset C\}|$ (4)
$C$ mc- (mixed-criterion-community)
mc- adi- mc-
2 $Dr=(N\cup \mathcal{H}, A^{F}\cup A^{B})$ $A^{F}=\{(v, h)|v\in N, h\in\delta(v)\}$ ,
$A^{B}=\{(h, v)|v\in N, h\in\delta(v)\}$ $c$ : $A^{F}\cup A^{B}arrow \mathbb{R}$
$c(e)=\{\infty l(e\in A^{F})(e\in A^{B}),$
4 2 $(D_{\Gamma}, c)$ $s,$ $t\in N$ s-t $(Y,$ $(N\cup$
$\mathcal{H})\backslash Y)$ $C=Y\cap N$ $|d(s, C)|\geq|\{h\in\delta(s)|h\not\in C\}|$ $C$ mc-
$h$ $C$ $h\in Y$
$|d(v, C)|<|\{h\in\delta(v)|h\not\subset C\}|$ $v\in c\backslash \{s\}$
$Y’=Y\backslash (\{v\}\cup\delta_{\Gamma}(v, C))$ $(Y’, (N\cup \mathcal{H})\backslash Y’)$ s-t
$c(Y’, (N \cup \mathcal{H})\backslash Y’)=c(Y, (N\cup \mathcal{H})\backslash Y)+\sum_{h\in\delta(vC)},|h\backslash \{v\}|-|\{h\in\delta(v)|h\not\in C\}|$
$<c(Y, (N\cup \mathcal{H})\backslash Y)$
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( 2) $(\tilde{D}_{\Gamma},\tilde{c})$ $v\in N\backslash \{s\}$ s-v
$(Y_{v},\tilde{N}\backslash Y_{v})$ $\min\{\tilde{c}(Y_{v},\tilde{N}\backslash Y_{v})|v\in N\backslash \{s\}, |\delta_{\Gamma}(s, Y_{v}\cap N)|\geq|\delta_{\Gamma}(s, N\backslash Y_{v})|\}$
s-v $(Y,\tilde{N}\backslash Y)$
( 3) $\min\{\tilde{c}(Y_{v},\tilde{N}\backslash Y_{v})|v\in(Y\cap N)\backslash \{s\}\}$ $v$
( 4) $C=(Y\cap Y_{v})\cap N$ $|\delta_{\Gamma}(s, C)|\geq|\delta_{I^{\urcorner}}(s, N\backslash C)|$ $(Y\cap Y_{v},\tilde{N}\backslash$
$(Y\cap Y_{v}))$ $(Y,\tilde{N}\backslash Y)$ 3 $Y\cap N$ h-
2 $|\delta_{\Gamma}(s$ , $N)|\geq|\delta_{\Gamma}(s, N\backslash Y_{v})|$ s-v $(Y_{v},\tilde{N}\backslash Y_{v})$
s-v c- n-
mc-
2 Pajek datasets[7] “Graph products”
Journal of the Operations Research Society of Japan 1995 38
2009 56 570
344 Authorl, Author2
Authorl 9 Author2 6
Authorl h-, c-, n-, mc- 18, 25, 21, 29
1(a) Authorl
1 (b) Author2 Author2
2 2 $\tilde{G}r=(N\cup \mathcal{H},\tilde{E})$
Mathematical Programming Journal Series A Series $B$ 1989 43 2008
115 10 $-$ 1800
1215 Author2
127







mc- mc- mc- mc- mc- mc- mc- mc- mc- $\mathfrak{m}c-$ mc- mc-
n- n- n- n- n-




17 3 Author2, Author3
Author2 2 $\tilde{G}_{\Gamma}=(N\cup \mathcal{H},\tilde{E})$
4
$b\cdot commu\mathfrak{n}W:29$ $\mathfrak{n}\cdot Commu\mathfrak{n}iw:12$
$h\cdot commu\mathfrak{n}|w:5$ $n\cdot comm\cup n$ :80



















18 c- 12 n- 10 mc-
12
1/3 4
Pajek detests “Graph products” “Graph prod-
ucts” W. Imrich S. $Klav\check{z}ar$ [5]
314, 613
[5] W. Imrich S. Klav\v{z}ar
W. Imrich 26 S. Klav\v{z}ar
129
22 2 16 5
5 h- c-
h.commvntty: 13 $n\cdot cmmun1|r.2$
(a)W. Imrich (b)S. Klav\v{z}ar
5
2 W. Imrich S.
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